appear to be an internal timer that indicates the age of doubt, many other proteins participate in the process, but for purposes of simplicity, we will concentrate on a filament and triggers processes that disassemble actin filaments in cells.
ATP hydrolysis is irreversible (Carlier these core proteins (Figure 3). et al., 1988) and fast with a half time of about 2 s (Blanchoin and Pollard, 2002). Phosphate dissociation is A Quantitative Hypothesis to Explain the Properties of the Leading Edge much slower with a half time of 350 s (Carlier and Pantaloni, 1986), so ADP-P i -actin is a relatively long-lived in-
The behavior of the actin filament network at the leading edge poses several key questions. How do actin filatermediate in freshly assembled filaments. Every known property of ADP-P i actin is identical to ATP-actin. ADPments grow fast? How do cells initiate and terminate the growth of new filaments? How do actin filaments actin subunits dissociate faster from the barbed end than ATP-actin subunits, but both ATP-and ADP-actin push forward the membrane at the leading edge? How are proteins in the actin filament network recycled? How dissociate slowly at the pointed end (Pollard, 1986) . A consequence of these kinetic constants is that in the do environmental and internal signals control these reactions? Answers to these questions are provided in steady state, ATP-actin associates at the barbed end and ADP-actin dissociates from the pointed end, leading this review by the dendritic nucleation/array treadmilling hypothesis ( Figure 3 ). Cells contain a pool of unpolymerto very slow treadmilling of subunits from the barbed end to the pointed end, which has now been visualized ized actin monomers bound to profilin and sequestering proteins such as thymosin-␤4. New filaments arise when directly by fluorescence microscopy (Fujiwara et al., 2002b) . ATP hydrolysis in the filament is essential to signaling pathways activate nucleation-promoting factors such members of the WASp/Scar family of proteins. (The maintain treadmilling.
The key point related to cellular motility is that pure first family member discovered, WASp, is the product of the gene mutated in a human bleeding disorder and actin filaments, at steady state in vitro under physiological ion conditions but in the absence of regulatory proimmunodeficiency, Wiskott-Aldrich Syndrome [Rengan et al., 2000] ). Active nucleation-promoting factors then teins, treadmill very slowly whereas cells can advance quickly. In the steady-state, growth at the barbed end stimulate Arp2/3 complex to initiate a new filament as a branch on the side of an existing filament. Fed by is limited by dissociation at the pointed end, which is ‫2.0ف‬ s Ϫ1 , which corresponds to 0.04 m/min, in contrast actin-profilin from the subunit pool, new branches grow rapidly and push the membrane forward. Each filament to keratocytes or "rocketing" microbes, which can move at 10 m/min, more than two orders of magnitude faster. also help to initiate protrusions by severing filaments to sion is required. Proteins that bind actin monomers and other proteins that cap filament ends cooperate to mainexpose barbed ends for elongation (Zebda et al., 2000) . tain the pool of unpolymerized actin.
In this model, an individual actin filament does not
The first mechanism is association of ATP-actin treadmill in the sense of simultaneous growth at one monomers with a small protein called profilin. Profilin end and shortening at the other. A filament is born as binds the barbed end of an actin monomer, allowing a branch point and grows at its barbed end while its actin-profilin to elongate barbed ends of filaments at pointed end is capped at the branch; the filament berates similar to free actin monomers but blocking bindcomes capped at its barbed end, debranches and shorting to filament point ends. Profilin also inhibits spontaneens after being severed. Thus, the actin filament array ous nucleation of actin filaments. All eukaryote cells as a whole treadmills by reproducing itself at the cell appear to express profilin. In amoeba, the concentration front while dismantling itself some distance from the of profilin and its affinity for actin are sufficient to acleading edge. with thymosin-␤4 creates a problem, namely thymosinexisting filaments, uncapping existing filaments, or de novo nucleation (Condeelis, 1993; Zigmond, 1996) . De ␤4 blocks all actin assembly reactions including nucleation and growth at both ends. The solution is competinovo creation of new barbed ends is now considered to be the dominant mechanism in the leading edge (Zigtion between profilin and thymosin-␤4 for binding actin. Both proteins exchange on and off actin on a sub-secmond, 1996), but contributions from severing and uncapping should not be neglected. In particular, ADF/ ond time scale, but profilin binds actin monomers tighter than thymosin-␤4. This allows profilin to maintain a pool cofilin severing proteins appear to contribute to polymerization in vertebrate cells (Zebda et al., 2000) , and of actin ready to elongate barbed ends, while thymosin-␤4 holds the rest of the monomers in reserve. Some uncapping of gelsolin-capped filaments occurs during the polymerization of actin that follows activation of lower eukaryotes, including fungi, lack genes for thymosin-␤4 and apparently survive without this second platelets ( Carlier, M.F., Nioche, P., Broutin-L'Hermite, I., Boujemaa, R., Le Clainche, C., Egile, C., Garbay, C., Ducruix, A., Sansonetti, P.J.,
